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(54) Organic electroluminescent device and preparation method 



(57) An organic EL device includes a substrate (21 ), 
a hole injecting electrode (22), an electron injecting elec- 
trode (25), and organic layers (23, 24) disposed be- 
tween the electrodes. The hole injecting electrode (22) 
is an ITO electrode having (111) orientation. Due to im- 



proved film formation, close contact and physical prop- 
erties at the interface between the hole injecting elec- 
trode and the organic layer, the device has a long life- 
time, high luminance, high efficacy, and quality display 
and prevents the occurrence of current leakage and 
dark spots. 



FIG. 1 



CM 

< 

O 
O) 

in 

CM 

o> 

CO 

o 

LU 



T\\(vm\\\ 




D 1 1 1 1 1 1 1 1 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



0892590A2_I_> 



1 



EP 0 892 590 A2 



2 



Description 

This invention relates to an organic electrolumines- 
cent (EL) device using an organic compound and a 
method for preparing the same. More particularly, it re- 
lates to an organic EL device comprising an improved 
hole injecting electrode for feeding holes to a light emit- 
ting layer. 

Recently, active research works have been made 
on organic EL devices. As a basic configuration, the or- 
ganic EL device includes a hole injecting electrode, a 
thin film formed thereon by evaporating a hole transport- 
ing material such as triphenyldiamine (TPD), a light 
emitting layer deposited thereon of a fluorescent mate- 
rial such as an aluminum quinolinol complex (Alq3), and 
a metal electrode or electron injecting electrode formed 
thereon from a metal having a low work function such 
as magnesium. Such organic EL devices are attractive 
in that they can achieve a very high luminance ranging 
from several 100 to several 10,000 cd/m 2 with a drive 
voltage of approximately 10 volts. 

With respect to the material used as the hole inject- 
ing electrode of such organic EL devices, a material ca- 
pable of injecting more holes into the light emitting layer 
or the hole injecting and transporting layer is believed 
effective. The hole injecting material is also required to 
be transparent and electroconductive because in many 
arrangements, emitted light exits from the substrate 
side. 

Transparent electrodes known to this end include 
tin-doped indium oxide (ITO), zinc-doped indium oxide 
(IZO), ZnO, Sn0 2 , and ln 2 0 3 . Of these, ITO electrodes 
are widely used as transparent electrodes in liquid crys- 
tal displays (LCD), dimmer glass and solar cells be- 
cause they have both a visible light transmittance of 
90% or higher and a sheet resistivity of 10 ^i/ or lower. 
ITO electrodes are considered promising as the hole in- 
jecting electrode in organic EL devices. 

Organic EL devices tend to deteriorate with the 
lapse of time. It is a key task to prevent the EL devices 
from deteriorating. While various factors cause to dete- 
riorate EL devices, the deterioration at a film interface, 
for example, between an electrode and an organic layer 
has a significant influence on the lifetime and light emis- 
sion of EL devices. It is thus important to modify physical 
properties at the film interface. It is also necessary to 
prevent an abnormal light emitting phenomenon due to 
current leakage and a phenomenon of generating and 
propagating non-luminous regions known as dark spots. 

Embodiments of the present invention seek to pro- 
vide an organic EL device in which the film formation, 
close contact and physical properties at the interface be- 
tween a hole injecting electrode and an organic layer 
are improved so that the device may have a long life- 
time, high luminance, high efficacy, and quality display. 

Another goal of the embodiments is to provide an 
organic EL device which can prevent the occurrence of 
current leakage and dark spots. 



For the purpose of modifying the physical properties 
at a film interface in organic EL devices, we focused at 
the orientation of transparent ITO electrodes. We have » 
found that an ITO thin film whose main orientation plane 

s is (222) experiences little deterioration at its interface 
with an overlying film. We have also found that the oc- 
currence of current leakage and dark spots can be ef- 
fectively suppressed by restricting the surface rough- 
ness of a substrate and an ITO thin film deposited ther- 

io eon so as to fall within a specific range. 

According to the invention, there is provided an or- 
ganic electroluminescent device comprising a substrate 
having a surface, a hole injecting electrode disposed on 
the substrate surface, an electron injecting electrode, 

15 and at least one organic layer disposed between the 
electrodes. The hole injecting electrode comprises an 
ITO electrode having (111) orientation. Preferably, when 
analyzed for x-ray diffraction by the rotating crystal 
method, the ITO electrode exhibits a diffraction intensity 

20 ratio of (400)/(222) reflection of up to 0.6; and also pref- 
erably, the ITO electrode exhibits an integrated intensity 
ratio of (400)/(222) reflection of up to 0.5. 

In one preferred embodiment, the substrate has a 
mean surface roughness Ra of up to 1 0 nm and a max- 

25 imum surface roughness Rmax of up to 50 nm; and the 
ITO electrode at its surface remote from the substrate 
has a mean surface roughness Ra of up to 10 nm and 
a maximum surface roughness Rmax of up to 50 nm. 
Also contemplated herein is a method for preparing 

30 an organic electroluminescent device comprising the 
steps of forming an ITO electrode on a substrate at a 
substrate temperature of 10°C to 150°C, and heat treat- 
ing the electrode at 100°C to 450°C. 
In the accompanying drawings: 

35 FIG. 1 is a schematic view illustrating one exempla- 
ry construction of an organic EL device. 

FIGS., 2, 3 and 4 are diagrams showing the results 
of x-ray diffraction by the rotating crystal method on the 
ITO thin films designated Sample Nos. 1, 2 and 3, re- 

40 spectively. 

The organic EL device of the invention includes a 
substrate having a surface, a hole injecting electrode 
disposed on the substrate surface, an electron injecting 
electrode, and at least one organic layer disposed be- 

45 tween the electrodes. The hole injecting electrode is an 
ITO electrode whose main orientation is (111 ). The set- 
ting of main orientation (111) is effective for improving 
physical properties at the interface between the hole in- 
jecting electrode and the organic layer, thereby improv- 

50 jng the light emission characteristics and life of the de- 
vice and the quality of light emission and display. 

Any ITO electrode is used in the invention as long 
as a (222) plane is detected as the main orientation 
plane. It is acceptable that other planes such as (400), 

55 (211) and (411) are detected as additional orientation, 
but at a significantly lower level than the main orienta- 
tion. The setting of main orientation (111) for the ITO 
electrode preferably means that when analyzed for x- 
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ray diffraction by the rotating crystal method, also known 
as 6/26 method, the ITO electrode exhibits a diffraction 
intensity ratio of (400)/(222) reflection of up to 0.6, more 
preferably up to 0.5, and most preferably from 0.4 to 0.1 . 
Differently stated, upon x-ray diffraction analysis by the 
rotating crystal method, the ITO electrode preferably ex- 
hibits an integrated intensity ratio of (400)/(222) reflec- 
tion of up to 0.5, more preferably up to 0.4, and most 
preferably from 0.3 to 0. 1 . 

In general, the ITO contains ln 2 O a and Sn0 2 in a 
stoichiometric composition although the quantity of ox- 
ygen may deviate more or less therefrom. When ITO is 
represented by the formula: lnO x SnO y , it is preferred 
that x is from 1.0 to 2.0 and y is from 1.6 to 2.4. The 
amount of Sn0 2 mixed with ln 2 O a is preferably 1 to 20% 
by weight, more preferably 5 to 12% by weight of the 
mixture. The ITO thin film usually has a grain size of 
about 0.001 to about 1 u.m although the grain size is not 
critical. 

The transparent positive electrode of ITO should 
preferably have at least a sufficient thickness to perform 
hole injection. Specifically, the thickness of the ITO elec- 
trode is preferably about 10 to 500 nm, more preferably 
about 50 to 300 nm. The upper limit is not so strict al- 
though too thick an electrode has a risk of peeling. A too 
thin electrode is undesirable from the standpoints of film 
strength during manufacture and a hole transporting 
ability. 

The transparent positive electrode of ITO may be 
formed by evaporation, sputtering and other processes 
although the sputtering is preferred. When a transparent 
ITO electrode is formed by sputtering, it is recommend- 
ed to employ a DC or RF sputtering process using a tar- 
get of ln 2 O a doped with Sn0 2 . The transparent ITO elec- 
trode formed by sputtering experiences a less change 
with time of light emission luminance than the electrode 
formed by evaporation. The input power is preferably 
about 0.1 to 10 W/cm 2 , and more preferably about 0.1 
to 4 W/cm 2 . Particularly when a DC sputtering appara- 
tus is used, the input power is preferably about 0.1 to 
10 W/cm 2 , and more preferably about 0.2 to 7 W/cm 2 . 
The deposition rate is preferably about 2 to 1 00 nm/min. , 
and more preferably about 5 to 50 nm/min. 

The sputtering gas is not critical. There maybe used 
an inert gas such as Ar, He, Ne, Kr and Xe or a mixture 
thereof. Less than 20% of 0 2 may be added to the inert 
gas. During sputtering, the sputtering gas is usually kept 
under a pressure of about 0.1 to 20 Pa. 

During deposition, the substrate is preferably kept 
at a temperature of about 1 0 to 1 50°C, especially about 
20 to 100°C. Too higher substrate temperatures would 
promote the crystal growth too much, with the difficult of 
acquiring (222) orientation. 

After deposition, the ITO thin film is preferably heat 
treated in order that (222) film orientation may become 
predominant. Heat treatment effectively yields (222) ori- 
ented crystals. For this heat treatment, the temperature 
is preferably 100 to 450°C, more preferably 150 to 



300°C and the time is preferably 0.1 to 3 hours, more 
preferably 0.3 to 1 hour. The preferred atmosphere for 
heat treatment is air, nitrogen, oxygen or hydrogen-add- 
ed nitrogen. 

5 In one preferred embodiment of the invention, the 

substrate has a surface roughness below a specific val- 
ue. By restricting the surface roughness of the substrate 
below the specific value, the occurrence of current leak- 
age and the generation and propagation of non-lumi- 

10 nous regions known as dark spots are suppressed. 

As the substrate, transparent or translucent mate- 
rials such as glass, quartz and resins are used. Glass 
substrates are preferred among others because they 
are inexpensive, readily available, light transmissive 

15 and excellent in physical propercies. Glass substrates 
are generally classified into alkali glass and alkali-free 
glass. Alkali glass is economically advantageous in that 
it is inexpensive and readily available. However, since 
alkali glass contains about 1 3 to 14% of alkali metal ox- 

20 jdes, a countermeasure for preventing contamination 
with such alkali metals is necessary. Another drawback 
of alkali glass is poor heat resistance. On the other hand, 
alkali-free glass is free of the risk of alkali metal contam- 
ination and has certain heat resistance, but is relatively 

25 expensive. 

One known example of the alkali glass is soda lime 
glass having the composition of 72% Si0 2> 2% Al 2 0 3 , 
8% CaO, 4% MgO, and 1 3.5% Na 2 0. Known examples 
of the alkali-free glass include borosilicate (7059) glass 

30 having the composition of 49% Si0 2 , 10% Al 2 0 3 , 15% 
B 2 0 3 , and 25% BaO (commercially available from Corn- 
ing Glass Works) ; borosilicate (AN) glass having the 
composition of 53% Si0 2 , 11% Al 2 0 3 , 11% B 2 0 3 , 2% 
CaO, 2% MgO, 1 5% BaO, and 6% ZnO; and borosilicate 

35 (NA-40) glass having the composition of 54% Si0 2 , 1 4% 
Al 2 0 3: 15% B 2 O a , and 25% MgO. Note that percents 
are by weight. 

The glass substrate preferably has a mean surface 
roughness Ra of up to 10 nm and a maximum surface 

^0 roughness Rmax of up to 50 nm. More specifically, sub- 
strates of alkali glass preferably have Ra < 10 nm and 
Rmax < 50 nm, and substrates of alkali-free glass pref- 
erably have Ra < 5 nm and Rmax < 20 nm. The lower 
limit is not critical although in most cases, the mean sur- 

45 face roughness Ra is at least 0. 1 nm and the maximum 
surface roughness Rmax is at least 0.5 nm. 

For adjusting the surface roughness of glass sub- 
strates to the above-defined range, the substrate sur- 
face may be mirror polished using diamond grits or ce- 

so rium oxide. 

When alkali glass is used as the substrate, it is rec- 
ommended to form a barrier layer of Si0 2 or the like on 
the substrate and then form an ITO electrode thereon 
for the purpose of preventing the electrode from being 

55 contaminated with alkali metal components from the 
substrate. The barrier layer may be formed by evapora- 
tion or sputtering and to a thickness of about 5 to 50 nm . 
When the barrier layer is formed on the substrate of al- 
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kali glass, the substrate may have a mean surface 
roughness Ra of up to 10 nm and a maximum surface 
roughness Rmax of up to 50 nm. 

The ITO electrode layer formed on the substrate 
having a surface roughness within the above-defined 
range preferably has a mean surface roughness Ra of 
up to 1 0 nm, especially up to 5 nm, and a maximum sur- 
face roughness Rmax of up to 50 nm, especially up to 
30 nm, as measured at its surface remote from the sub- 
strate. 

As previously described, the organic EL device of 
the invention has a hole injecting electrode on a sub- 
strate and an electron injecting electrode thereon. The 
device further has at least one charge transporting layer 
and at least one light emitting layer which are disposed 
between the electrodes, and a protective electrode as 
the uppermost layer. The charge transporting layer may 
be omitted. The electron injecting electrode is construct- 
ed from a metal, compound or alloy having a low work 
function by evaporation or sputtering, preferably by 
sputtering whereas the hole injecting electrode is con- 
structed as above. 

The materials of which the electron injecting elec- 
trodes are formed are preferably those materials having 
a low work function to perform effective electron injec- 
tion, for example, metal elements such as K, Li, Na, Mg, 
La, Ce s Ca, Sr, Ba, Al, Ag, In, Sn, Zn, Zr, Cs, Er, Eu, Ga, 
Hf, Nd, Rb, Sc, Sm, Ta, Y, and Yb; and compounds such 
as BaO, BaS, CaO, HfC, LaB 6 , MgO, MoC, NbC, PbS, 
SrO, TaC, ThC, Th0 2 , ThS, TiC, TiN, UC, UN, U0 2 , 
W 2 C, Y 2 0 3 , ZrC, ZrN, and Zr0 2 . Binary and ternary al- 
loys containing two or three metal elements are effective 
for improving stability. Exemplary alloys are aluminum 
alloys such as Al-Ca (Ca: 0.01 to 20 at%, especially 5 
to 20 at%), Al-ln (In: 1 to 10 at%), and Al-Li (Li: 0.01 to 
14 at%, especially 0.3 to less than 14 at%); and In-Mg 
(Mg: 50 to 80 at%). Of these, elemental aluminum and 
aluminum alloys such as Al-Li (Li: 0.4 to less than 6.5 
at%) or (Li: 6.5 to 14 at%) are preferred because they 
are relatively free from compression stresses. Then, for 
sputtering, targets of such electron injecting electrode- 
forming metals or alloys are used. These materials 
should preferably have a work function of up to 4.5 eV, 
with metals and alloys having a work function of up to 
4.0 eV being especially preferred. 

The use of the sputtering process in forming the 
electron injecting electrode has several advantages. 
The electron injecting electrode film formed by the sput- 
tering process is improved in adhesion at the interface 
with the organic layer because as compared with the 
evaporation process, the sputtered atoms and atomic 
groups acquire relatively high kinetic energy so that the 
surface migration effect may occur. Also, since the sur- 
face oxide layer can be removed in vacuum by effecting 
pre-sputtering or the moisture and oxygen which have 
adsorbed on the organic layer interface can be removed 
by effecting back sputtering, it is possible to form a clean 
electrode-organic layer interface and a clean electrode 



and eventually, to fabricate an organic EL device of qual- 
ity and stable performance. Alloys within the above-de- 
fined compositional range or elemental metals may be 
used as the target while targets of such alloys or metals 
5 with any desired component added are also acceptable. 
Further, even when a mixture of materials having signif- 
icantly different vapor pressures is used as the target, 
there occurs only a slight shift in composition between 
the target and the film deposited therefrom : which elim- 
10 inates the limits that are imposed on the materials by 
the vapor pressure or the like in the case of the evapo- 
ration process. The sputtering process is also advanta- 
geous in productivity as compared with the evaporation 
process, because it is unnecessary to supply the mate- 
15 rial for a long period of time and the resulting film is well 
uniform in thickness and quality. 

Since the electron injecting electrode formed by the 
sputtering process is a dense film which minimizes the 
ingress of moisture as compared with an evaporated 
film of sparse packing, there can be obtained an organic 
EL device having high chemical stability and a long life- 
time. 

The pressure of the sputtering gas during sputtering 
is preferably in the range of 0.1 to 5 Pa. By controlling 
the pressure of the sputtering gas within this range, an 
Al-Li alloy having a lithium concentration within the 
above-defined range can be easily obtained. Also, by 
changing the pressure of the sputtering gas within this 
range during film deposition, an electron injecting elec- 
trode having a graded lithium concentration as de- 
scribed above can be easily obtained. 

The sputtering gas may be an inert gas as used in 
conventional sputtering apparatus, and in the case of 
reactive sputtering, a reactive gas such as N 2 , H 2 , 0 2 , 
C 3 H 4 and NH 3 may be used in addition to the inert gas. 

The sputtering process may be a high-frequency 
sputtering process using an RF power supply although 
a DC sputtering process is preferably used because the 
rate of film deposition is easily controllable and for the 
purpose of minimizing the damage to the organic EL de- 
vice structure. The power to the DC sputtering appara- 
tus is preferably in the range of 0.1 to 10 W/cm 2 , espe- 
cially 0.5 to 7 W/cm 2 . Also, the rate of film deposition is 
preferably in the range of 5 to 100 nm/min., especially 
10 to 50 nm/min. 

The electron injecting electrode thin film may have 
a thickness equal to or in excess of a certain level nec- 
essary to carry out electron injection, typically at least 
0. 1 nm, preferably at least 1 nm, more preferably at least 
3 nm. The upper limit of thickness is not critical although 
the film thickness generally ranges from about 1 nm to 
about 500 nm, more preferably from about 3 nm to about 
500 nm. 

The organic EL device of the invention may include 
a protective electrode on the electron injecting elec- 
trode, that is, on the surface of the electron injecting 
electrode which is disposed remote from the organic lay- 
er. The provision of the protective electrode is effective 
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for protecting the electron injecting electrode from the 
surrounding atmosphere and moisture, preventing the 
thin films Irom deterioration, stabilizing the efficiency of 
electron injection, and remarkably increasing the life- 
time of the device. The protective electrode has a very 
low resistivity so that it may serve as a wiring electrode 
in case the electron injecting electrode has a high resis- 
tivity. This protective electrode contains at least one of 
aluminum, a mixture of aluminum and a transition metal 
(excluding titanium), titanium and titanium nitride (TiN). 
When these components are used alone, it is preferred 
that the protective electrode contain about 90 to 1 00 at% 
of Al, about 90 to 1 00 at% of Ti or about 90 to 1 00 mol% 
of TiN. When a mixture of two or more components is 
used, the mix ratio of the components is not critical. 
When a mixture of aluminum and titanium is used, the 
mixture preferably contains up to 10 at% of Ti. Alterna- 
tively, layers each composed of a single component are 
laid up. In particular, aluminum or a mixture of aluminum 
and a transition metal gives better results when used as 
the wiring electrode as will be described later; and tita- 
nium nitride is well corrosion resistant and thus effective 
as a sealing film. Titanium nitride (TiN) may deviate 
about 10% from its stoichiometry. The alloys of alumi- 
num and a transition metal may contain transition metals 
such as Mg, Sc, Nb, Zr, Hf, Nd, Ta, Cu, Si, Cr, Mo, Mn, 
Ni, Pd, Pt and W, preferably in a total amount of up to 
10 at%, more preferably up to 5 at%, and most prefer- 
ably up to 2 at%. The lower the content of transition met- 
al, the lower becomes the thin film resistance when the 
electrode serves as a wiring conductor. 

The protective electrode has a thickness sufficient 
to ensure efficient electron injection and prevent ingress 
of moisture, oxygen and organic solvents, preferably a 
thickness of at least 50 nm, more preferably at least 1 00 
nm, and especially 100 to 1 ,000 nm. Too thin a protec- 
tive electrode layer would fail to achieve the above ef- 
fects or to provide step coverage so that its connection 
to a terminal electrode becomes insufficient. Too thick 
a protective electrode layer would accumulate more 
stresses, resulting in an increased growth rate of dark 
spots. In the embodiment wherein the protective elec- 
trode serves as the wiring electrode, the thickness of the 
protective electrode is usually about 100 to 500 nm 
when the electron injecting electrode is thin and has a 
high film resistance and the protective electrode must 
compensate for that film resistance, and otherwise 
about 100 to 300 nm. 

The total thickness of the electron injecting elec- 
trode and the protective electrode combined is prefera- 
bly about 100 to 1,000 nm though not critical. 

Referring to FIG. 1, there is illustrated one exem- 
plary construction of the organic EL device of the inven- 
tion. The EL device shown in FIG. 1 includes on a sub- 
strate 21 and has a hole injecting electrode 22, a hole 
injecting and transporting layer 23, a light emitting and 
electron injecting and transporting layer 24, an electron 
injecting electrode 25, and a protective electrode 26 ar- 



ranged on the substrate 21 in the described order. 

The organic EL device of the invention is not limited 
to the illustrated construction, and various other con- 
structions are possible. For example, it is acceptable to 

5 form a light emitting layer by itself and interleave an elec- 
tron injecting and transporting layer between the light 
emitting layer and the electron injecting electrode. If 
necessary, the hole injecting and transporting layer may 
be mixed with the light emitting layer. 

10 The hole and electron injecting electrodes are 
formed as previously described while organic material 
layers such as the light emitting layer may be formed by 
vacuum evaporation or the like. If necessary, each of 
these films is patterned by mask evaporation or by a 

15 suitable technique such as etching after film formation 
whereby the desired light emitting pattern is accom- 
plished. In a further embodiment wherein the substrate 
bears thin film transistors (TFT), the respective films are 
formed in accordance with the TFT pattern so that the 

20 display and drive pattern may be provided without fur- 
ther processing. 

Following the electrode formation, a protective film 
may be formed in addition to the protective electrode, 
using an inorganic material such as SiOx or an organic 

25 material such as Teflon and chlorine-containing fluori- 
nated hydrocarbon polymers. The protective film may 
be either transparent or opaque and have a thickness 
of about 50 to 1 ,200 nm. Apart from the reactive sput- 
tering process mentioned above, the protective film may 

30 also be formed by an ordinary sputtering or evaporation 
process. 

Further preferably, a sealing or encapsulating layer 
may be formed on the device in order to prevent the or- 
ganic layers and electrodes from oxidation. The sealing 

35 layer for preventing the ingress of moisture is formed by 
attaching a sealing plate such as a glass plate through 
an adhesive resin layer such as a sheet of a commer- 
cially available low moisture pickup photo-curable ad- 
hesive, epoxy adhesive, silicone adhesive, or crosslink- 

40 jng ethylene-vinyl acetate copolymer adhesive. Metal 
plates and plastic plates are useful as well as the glass 
plates. 

Next, the organic material layers included in the or- 
ganic EL device according to the invention are de- 
45 scribed. 

The light emitting layer has the functions of injecting 
holes and electrons, transporting them, and recombin- 
ing holes and electrons to create excitons. It is preferred 
that relatively electronically neutral compounds be used 

50 in the light emitting layer. 

The hole injecting and transporting layer has the 
functions of facilitating injection of holes from the hole 
injecting electrode, transporting holes stably, and ob- 
structing electron transportation. The electron injecting 

55 and transporting layer has the functions of facilitating 
injection of electrons from the electron injecting elec- 
trode, transporting electrons stably, and obstructing 
hole transportation. These layers are effective for in- 



5 



BNSDOCID: <EP 0892590A2_I_> 



9 



EP 0 892 590 A2 



10 



creasing the number of holes and electrons injected into 
the light emitting layer and confining holes and electrons 
therein for optimizing the recombination region to im- 
prove light emission efficiency. 

The thicknesses of the light emitting layer, the hole 
injecting and transporting layer, and the electron inject- 
ing and transporting layer are not critical and vary with 
a particular formation technique although their thickness 
is usually preferred to range from about 5 nm to about 
500 nm, especially about 10 nm to about 300 nm. 

The thickness of the hole injecting and transporting 
layer and the electron injecting and transporting layer is 
equal to or ranges from about 1/10 times to about 10 
times the thickness of the light emitting layer although it 
depends on the design of a recombination/light emitting 
region. When the electron or hole injecting and trans- 
porting layer is divided into an injecting layer and a trans- 
porting layer, preferably the injecting layer is at least 1 
nm thick and the transporting layer is at least 1 nm thick. 
The upper limit of thickness is usually about 500 nm for 
the injecting layer and about 500 nm for the transporting 
layer. The same film thickness applies when two inject- 
ing/transporting layers are provided. 

The light emitting layer of the organic EL device of 
the invention contains a fluorescent material that is a 
compound having a light emitting capability. The fluo- 
rescent material may be at least one member selected 
from compounds as disclosed, for example, in JP-A 
264692/1 988, such asquinacridone, rubrene, andstyryl 
dyes. Also, quinoline derivatives such as metal complex 
dyes having 8-quinolinol or a derivative thereof as the 
ligand such as tris(8-quinolinolato)aluminum are includ- 
ed as well as tetraphenylbutadiene, anthracene, peryl- 
ene, coronene, and 1 2-phthaloperinone derivatives. 
Further useful are phenylanthracene derivatives de- 
scribed in Japanese Patent Application No. 
110569/1994 and the tetraarylethene derivatives de- 
scribed in Japanese Patent triplication No. 
114456/1994. 

It is preferred to use such a compound in combina- 
tion with a host material capable of light emission by it- 
self, that is, to use the compound as a dopant. In this 
embodiment, the content of the compound in the light 
emitting layer is preferably 0.01 to 10% by weight, es- 
pecially 0.1 to 5% by weight. By using the compound in 
combination with the host material, the light emission 
wavelength of the host material can be altered, allowing 
light emission to be shifted to a longer wavelength and 
improving the luminous efficacy and stability of the de- 
vice. 

As the host material, quinolinolato complexes are 
preferable, with aluminum complexes having 8-quinoli- 
nol or a derivative thereof as the ligand being more pref- 
erable. These aluminum complexes are disclosed in JP- 
A 264692/1 988, 2551 90/1 991 , 70733/1 993, 
258859/1 993 and 21 5874/1 994. 

Illustrative examples include tris(8-quinolinolato) 
aluminum, bis(8-quinolinolato)magnesium, bis(benzo 



{/}-8-quinolinolato)zinc, bis(2-methyl-8-quinolinolato) 
aluminum oxide, tris(8-quinolinolato)indium, tris(5-me- 
thyl-8-quinolinolato)aluminum, 8-quinolinolatolithium, 
tris(5-chloro-8-quinolinolato)gallium, bis(5-chloro- 
s 8-quinolinolato)calcium, 5,7-dichloro-8-quinolinolatoa- 
luminum, tris(5,7-dibromo-8-hydroxyquino1inolato)alu- 
minum, and poly[zinc(ll)-bis(8-hydroxy-5-quinolinyl) 
methane]. 

Also useful are aluminum complexes having anoth- 
10 er ligand in addition to 8-quinolinoi or a derivative there- 
of. Examples include bis(2-methyl-8-quinolinolato)(phe- 
nolato)aluminum(HI), bis(2-methyl-8-quinolinolato) (or- 
tho-cresolato)aluminum(lll), bis(2-methyl-8-quino- 
linolato) (meta-cresolato)aluminum(HI), bis(2-methyl- 
is 8-quinolinolaco) (para-cresolato)aluminum(lll), bis 
(2-methyl-8-quinolinolato)(ortho-phenylphenolato)alu- 
minum(lll), bis(2-methyl-8-quinolinolato) (meta-phenyl- 
phenolato)aluminum(lll ), bis(2-methyl-8-quinolinolato) 
(para-phenylphenolato)aluminum(lll), bis(2-methyl- 
20 8-quinolinolato) (2,3-dimethylphenolato)aluminum(lll), 
bis(2-methyl-8-quinolinolato) (2,6-dimethylphenolato) 
aluminum(lll), bis(2-methyl-8-quinolinolato) 
(3,4-dimethylphenoIato)aluminum(lll) > bis(2-methyl- 
8-quinolinolato) (3,5-dimethylphenolato)aluminum(lll), 
25 bis(2-methyl-8-quinolinotato)(3,5-di-tert-butylphenola- 
to)aluminum(lll), bis(2-methyl-8-quinolinolato) 
(2,6-diphenylphenolato)aluminum(lll), bis(2-methyl- 
8-quinolinolato)(2,4,6-triphenylphenolato)aluminum 
(III), bis(2-methyl-8-quinolinolato)(2,3,6-trimethylphe- 
30 nolato)aluminum(lll), bis(2-methyl-8-quinolinolato) 
(2,3,5 1 6-tetramethylphenolato)aluminum(lll), bis(2-me- 
thyl-8-quinolinolato) (l-naphtholato)aluminum(lll), bis 
(2-methyl-8-quinolinolato) (2-naphtholato)aluminum 
(III), bis(2,4-dimethyl-8-quinolinolato) (ortho-phenyl- 
35 phenolato)aluminum(lll), bis(2,4-dimethyl-8-quino- 
linolato) (para-phenylphenolato)aluminum(lll), bis 
(2,4-dimethyl-8-quinolinolato)(meta-phenylphenolato) 
aluminum(lll), bis(2,4-dimethyl-8-quinolinolato) 
(3,5-dimethylphenolato)aluminum(lll), bis(2,4-dime- 
40 thyl-8-quinolinolato) (3,5-di-tert-butylphenolato)alumi- 
num(lll), bis(2-methyl-4-ethyl-8-quinolinolato) (para- 
cresolato)aluminum(lll), bis(2-methyl-4-methoxy-8-qui- 
nolinolato) (para-phenylphenolato)aluminum(lll), bis 
(2-methyl-5-cyano-8-quinolinolato)(ortho-cresolato) 
45 aluminum(lll), and bis(2-ethyl-6-trifluoromethyl-8-quin- 
olinolato) (2-naphtholato)aluminum(lll). 

Also acceptable are bis(2-methyl-8-quinolino!ato) 
aluminum(lll)-M-oxo-bis(2-methyl-8-quinolinolato) alu- 
minum (III), bis(2,4-dimethyl-8-quinolinolato)aluminum 
so (lll)-u.-oxo-bis(2,4-dimethyl-8-quinolinolato)aluminum 
(III), bis(4-ethyl-2-methyl-8-quinolinolato)aluminum(MI)- 
u,-oxo-bis(4-ethyl-2-methyl-8-quinolinolato)aiuminum 
(III), bis(2-methyl-4-methoxyquinolinolato)aluminum 
(lll)-u.-oxo-bis(2-methyl-4-methoxyquinolinolato)alumi- 
55 num(lll), bis(5-cyano-2-methyl-8-quinolinolato)alumi- 
num(lll)-|i-oxo-bis(5-cyano-2-methyl-8-quinolinolato) 
aluminum(lll), and bis(2-methyl-5-trifluoromethyl-8-qui- 
nolinolato)aluminum(lll)-u.-oxo-bis(2-methyl-5-trifluor- 
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omethyl-8-quinolinolato)aluminum(lll). 

Other useful host materials are the phenylanthra- 
cene derivatives described in Japanese Patent Applica- 
tion No. 110569/1994 and the tetraarylethene deriva- 
tives described in Japanese Patent Application No. 
114456/1994. 

The light emitting layer may also serve as the elec- 
tron injecting and transporting layer. In this case, tris 
(8-quinolinolato)aluminum etc. are preferably used. 
These fluorescent materials may be evaporated. 

Also, if necessary : the light emitting layer may also 
be a layer of a mixture of at least one hole injecting and 
transporting compound and at least one electron inject- 
ing and transporting compound, in which a dopant is 
preferably contained. In such a mix layer, the content of 
the dopant is preferably 0.01 to 20% by weight, espe- 
cially 0.1 to 15% by weight. 

In the mix layer, carrier hopping conduction paths 
are created, allowing carriers to move through a polarly 
predominant material while injection of carriers of oppo- 
site polarity is rather inhibited, and the organic com- 
pound is less susceptible to damage, resulting in the ad- 
vantage of an extended device life. By incorporating the 
aforementioned dopant in such a mix layer, the light 
emission wavelength the mix layer itself possesses can 
be altered, allowing light emission to be shifted to a long- 
er wavelength and improving the luminous intensity and 
stability of the device. 

The hole injecting and transporting compound and 
electron injecting and transporting compound used in 
the mix layer may be selected from compounds for the 
hole injecting and transporting layer and compounds for 
the electron injecting and transporting layer to be de- 
scribed later, respectively. Inter alia, the compound tor 
the hole injecting and transporting layer is preferably se- 
lected from amine derivatives having strong fluores- 
cence, for example, triphenyldiamine-derivatives which 
are hole transporting materials, styrylamine derivatives 
and amine derivatives having an aromatic fused ring. 

The electron injecting and transporting compound 
is preferably selected from quinoline derivatives and 
metal complexes having 8-quinolinol or a derivative 
thereol as a ligand, especially tris(8-quinolinolato)alu- 
minum (Alq3). The aforementioned phenylanthracene 
derivatives and tetraarylethene derivatives are also 
preferable. 

The mix ratio is preferably determined in accord- 
ance with the carrier density and carrier mobility. It is 
usually preferred that the weight ratio of the hole inject- 
ing and transporting compound to the electron injecting 
and transporting compound range from about 1/99 to 
about 99/1 , more preferably from about 10/90 to about 
90/10, especially from about 20/80 to about 80/20. 

Also preferably, the thickness of the mix layer rang- 
es from the thickness of a mono-molecular layer to less 
than the thickness of the organic compound layer, spe- 
cifically from 1 to 85 nm, more preferably 5 to 60 nm, 
especially 5 to 50 nm. 



Preferably the mix layer is formed by a co-deposi- 
tion process of evaporating the compounds from distinct 
sources. If both the compounds have approximately 
equal or very close vapor pressures or evaporation tem- 

5 peratures, they may be pre-mixed in a common evapo- 
ration boat, from which they are evaporated together. 
The mix layer is preferably a uniform mixture of both the 
compounds although the compounds can be present in 
island form. The light emitting layer is generally formed 

10 to a predetermined thickness by evaporating an organic 
fluorescent material or coating a dispersion thereof in a 
resin binder. 

In the hole injecting and transporting layer, there 
may be used various organic compounds as described, 
15 for example, in JP-A 295695/1988, 191694/1990, 
792/1991, 234681/1993, 239455/1993, 299174/1993, 
126225/1995, 126226/1995, and 100172/1996, and EP 
0650955A1. Exemplary are tetraarylbenzidine com- 
pounds (triaryldiamines or triphenyldiamines: TPD), ar- 
omatic tertiary amines, hydrazone derivatives, carba- 
zole derivatives, triazole derivatives, imidazole deriva- 
tives, oxadiazole derivatives having an amino group, 
and polythiophenes. Two or more of these compounds 
may be used, and on such combined use, they may be 
formed as separate layers or mixed. 

Where the hole injecting and transporting layer is 
formed separately as a hole injecting layer and a hole 
transporting layer, two or more compounds are selected 
in a proper combination from the compounds commonly 
used in hole injecting and transporting layers. In this re- 
gard, it is preferred to laminate layers in such an order 
that a layer of a compound having a lower ionization po- 
tential may be disposed adjacent the hole injecting elec- 
trode (I TO). It is also preferred to use a compound hav- 
ing good thin film forming ability at the hole injecting 
electrode surface. The order of lamination also applies 
where a plurality of hole injecting and transporting layers 
are provided. Such an order of lamination is effective for 
lowering the drive voltage and preventing current leak- 
age and the development and growth of dark spots. 
Since evaporation is utilized in the manufacture of de- 
vices, films as thin as about 1 to 10 nm can be formed 
uniform and pinhole-free, which restrains any change in 
color tone of light emission and a drop of efficiency by 
re-absorption even if a compound having a low ioniza- 
tion potential and absorption in the visible range is used 
in the hole injecting layer. Like the light emitting layer, 
the hole injecting and transporting layer may be formed 
by evaporating the above-mentioned compounds. 

In the electron injecting and transporting layer 
which is optionally provided, there may be used quino- 
line derivatives including organic metal complexes hav- 
ing 8-quinolinol or a derivative thereof as a ligand such 
as tris(8-quinolinolato)aluminum, oxadiazole deriva- 
tives, perylene derivatives, pyridine derivatives, pyrimi- 
dine derivatives, quinoxaline derivatives, diphenylqui- 
none derivatives, and nitro-substituted fiuorene deriva- 
tives. The electron injecting and transporting layer can 
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also serve as the light emitting layer. In this case, use 
of tris(8-quinolinolato)aluminum etc. is preferred. Like 
the light emitting layer, the electron injecting and trans- 
porting layer may be formed by evaporation or the like. 

Where the electron injecting and transporting layer 
is formed separately as an electron injecting layer and 
an electron transporting layer, two or more compounds 
are selected in a proper combination from the com- 
pounds commonly used in electron injecting and trans- 
porting layers. In this regard, it is preferred to laminate 
layers in such an order that a layer of a compound hav- 
ing a greater electron affinity may be disposed adjacent 
the electron injecting electrode. The order of lamination 
also applies where a plurality of electron injecting and 
transporting layers are provided. 

The substrate may be provided with a color filter 
film, a fluorescent material-containing color conversion 
film or a dielectric reflecting film for controlling the color 
of light emission. 

The color filter film used herein may be a color filter 
as used in liquid crystal displays and the like. The prop- 
erties of a color filter may be adjusted in accordance with 
the light emission of the organic EL device so as to op- 
timize the extraction efficiency and color purity. 

It is also preferred to use a color filter capable of 
cutting external light of short wavelength which is other- 
wise absorbed by the EL device materials and fluores- 
cence conversion layer, because the light resistance 
and display contrast of the device are improved. 

An optical thin film such as a multilayer dielectric 
film may be used instead of the color filter. 

The fluorescence conversion filter film is to covert 
the color of light emission by absorbing electrolumines- 
cence and allowing the fluorescent material in the film 
to emit light. It is formed from three components: a bind- 
er, a fluorescent material, and a light absorbing material. 

The fluorescent material used may basically have 
a high fluorescent quantum yield and desirably exhibits 
strong absorption in the electroluminescent wavelength 
region. In practice, laser dyes are appropriate. Use may 
be made of rhodamine compounds, perylene com- 
pounds, cyanine compounds, phthalocyanine com- 
pounds (including sub-phthalocyanines), naphthalimide 
compounds, fused ring hydrocarbon compounds, fused 
heterocyclic compounds, styryl compounds, and cou- 
marin compounds. 

The binder is selected from materials which do not 
cause extinction of fluorescence, preferably those ma- 
terials which can be finely patterned by photolithography 
or printing technique. Also, those materials which are 
not damaged upon deposition of ITOare preferred. 

The light absorbing material is used when the light 
absorption of the fluorescent material is short and may 
be omitted if unnecessary. The light absorbing material 
may also be selected from materials which do not cause 
extinction of fluorescence of the fluorescent material. 

In forming the hole injecting and transporting layer, 
the light emitting layer, and the electron injecting and 



transporting layer vacuum evaporation is preferably 
used because homogeneous thin films are available. By 
utilizing vacuum evaporation, there is obtained a homo- 
geneous thin film which is amorphous or has a crystal 

5 grain size of less than 0.1 \im. If the grain size is more 
than 0. 1 fim, uneven light emission would take place and 
the drive voltage of the device must be increased with 
a substantial drop of electric charge injection efficiency. 
The conditions for vacuum evaporation are not crit- 

10 ical although a vacuum of 1 0 -4 Pa or lower and an evap- 
oration rate of about 0.01 to 1 nm/sec. are preferred. It 
is preferred to successively form layers in vacuum be- 
cause the successive formation in vacuum can avoid 
adsorption of impurities on the interface between the 

15 layers, thus ensuring better performance. Also, the drive 
voltage of a device can be reduced and the development 
and growth of dark spots be restrained. 

In the embodiment wherein the respective layers 
are formed by vacuum evaporation, where it is desired 

20 for a single layer to contain two or more compounds, 
boats having the compounds received therein are indi- 
vidually temperature controlled to achieve co-deposi- 
tion. 

The organic EL device of the invention is generally 
25 of the DC drive type while it can be of the AC or pulse 
drive type. The applied voltage is generally about 2 to 
30 volts. 

Experiments and Examples of the present invention 
are given below together with Comparative Examples 
30 and by way of illustration. Ra is the mean surface rough- 
ness and Rmax is the maximum surface roughness as 
defined above. 

Experiment 1 

35 

A substrate of (7059) glass by Com ing G lass Works 
was placed in a vacuum chamber which was evacuated 
to a vacuum of 3.5x1 0" 4 Pa. By a sputtering process us- 
ing ITO (Sn0 2 : 10% by weight) as the target, a mixture 
40 of argon and oxygen (0 2 /Ar+0 2 10%, 0 2 partial pres- 
sure 9.3x10- 2 Pa) as the sputtering gas, a pressure of 
4.0x1 0 _1 Pa during sputtering, and a DC sputtering pow- 
er of 31 5 W (31 5 V, 1 .0 A), an ITO thin film was deposited 
to a thickness of 1 00 nm. During film deposition, the sub- 
45 strate was at room temperature (25° C). The ITO thin film 
thus obtained was analyzed to find a composition of 
89.8% by weight ln 2 0 3 and 10.2% by weight Sn0 2 . The 
ITO thin film was heat treated in the ambient atmos- 
phere at 300°Cfor 1 hour. This ITO thin film, designated 
50 Sample No. 1 , was analyzed for x-ray diffraction by the 
rotating crystal method or e/28 method. The measuring 
conditions included an XRD tube voltage of 40 kV, a tube 
current of 400 mA, a 6 axis angle of 0.50° : a scanning 
range (2G) of 20.0° to 70.0° , a sampling breadth of 0.05° , 
55 a scanning rate of 4.000 deg/min. , a divergent slit of 0. 1 5 
mm, a scattering slit of 4.00 mm, and a light receiving 
slit of 4.00 mm. The result is shown in FIG. 2. As seen 
from FIG. 2, a strong peak was observed at about 30° 
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indicating the orientation ot (222) face. Table 1 shows 
the diffraction intensity of (222) face, diffraction intensity 
of (400) face, diffraction intensity ratio of (400)/(222) 
face, integrated intensity of (222) face, integrated inten- 
sity of (400) face, and integrated intensity ratio of (400) 
/(222)face. 

Experiment 2 

As in Experiment 1, on a substrate of Corning 
(7059) glass, an ITO thin film was deposited to a thick- 
ness of 1 00 nm. The ITO thin film had a composition of 
89.6% by weight ln 2 0 3 and 10.4% by weight Sn0 2 . The 
ITO thin film was heat treated in a nitrogen atmosphere 
at 300°C for 1 hour. This ITO thin film, designated Sam- 
ple No. 2, was analyzed for x-ray diffraction as in Exper- 
iment 1 . The result is shown in FIG. 3. As seen from FIG. 
3, a strong peak was observed at about 30° indicating 
the orientation of (222) face. Table 1 shows the diffrac- 
tion intensity of (222) face, diffraction intensity of (400) 
face, diffraction intensity ratio of (400)/(222) face, inte- 
grated intensity of (222) face, integrated intensity of 
(400) face, and integrated intensity ratio of (400)/(222) 
face. 

Experiment 3 

A substrate of Corning (7059) glass was placed in 
a vacuum chamber which was evacuated to a vacuum 
of 1.3x10 -3 Pa. By a sputtering process using ITO 
(Sn0 2 : 10% by weight) as the target, a mixture of argon 
and oxygen (flow rate ratio 100:1 ) as the sputtering gas, 
a pressure of 3.1xl0 _1 Pa during sputtering, and a DC 
sputtering power of 1 .7 kW, an ITO thin film was depos- 
ited to a thickness of 100 nm. During film deposition, the 
substrate was at a temperature of 300°C. The ITO thin 
film thus obtained was analyzed to find a composition 
of 90.2% by weight ln 2 0 2 and 9.8% by weight Sn0 2 . 
Heat treatment was omitted. This ITO thin film, desig- 
nated Sample No. 3, was analyzed for x-ray diffraction 
as in Experiment 1. The result is shown in FIG. 4. As 
seen from FIG. 4, a strong peak was observed at about 
30° indicating the orientation of (222) face. Table 1 
shows the diffraction intensity of (222) face, diffraction 
intensity of (400) face, diffraction intensity ratio of (400) 
/(222) face, integrated intensity of (222) face, integrated 
intensity of (400) face, and integrated intensity ratio of 
(400)/(222) face. 
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Example 1 

On a substrate of Corning (7059) glass, an ITO 
transparent electrode (hole injecting electrode) was de- 
posited by sputtering as in Experiment 1, which elec- 
trode was the same as Sample No. 1. The glass sub- 
strate had a surface roughness: Ra < 0.68 nm and Rmax 
< 2.0 nm. The ITO transparent electrode formed on the 
substrate had Ra < 0.74 nm and Rmax < 5.6 nm. The 
ITO transparent electrode was patterned into 5x2 dots 
with each pixel of 2 mm square size. The ITO electrode 
on the substrate was subjected to ultrasonic washing 
with neutral detergent, acetone, and ethanol, pulled up 
from boiling ethanol, and dried. The surface of the ITO 
electrode was cleaned with UV/ozone. 

Thereafter, the substrate was secured by a holder 
in a vacuum evaporation chamber, which was evacuat- 
ed to a vacuum of 1x10" 4 Pa or lower. 4,4\4 n -tris(N- 
(3-methylphenyl)-N-phenylamino)triphenylamine (m- 
MTD ATA) was evaporated at a deposition rate of 0. 1 nm/ 
sec. to a thickness of 40 nm, forming a hole injecting 
layer. With the vacuum kept, N.N'-diphenyl-^N'-m- 
tolyl-4,4'-diamino-1,1'-biphenyl (TPD) was evaporated 
at a deposition rate of 0.1 nm/sec. to a thickness of 35 
nm, forming a hole transporting layer. With the vacuum 
kept, tris(8-quinolinolato)aluminum (Alq3) was evapo- 
rated at a deposition rate of 0. 1 nm/sec. to a thickness 
of 50 nm, forming an electron injecting and transporting/ 
light emitting layer. With the vacuum kept, an Mg-Ag al- 
loy was co-evaporated (two source evaporation) at a 
weight ratio Mg/Ag of 10/1 to a thickness of 200 nm, 
forming an electron injecting electrode. Thereafter, the 
evaporation source was replaced by aluminum where- 
upon a protective electrode of aluminum was deposited 
to a thickness of 200 nm. Finally, a sealing glass plate 
was joined with an adhesive for sealing the device. 

With a DC voltage applied across the thus obtained 
organic EL device, the device was continuously driven 
at a constant current density ol 10 mA/cm 2 . Under 8.0 
V, the device initially emitted green light (maximum 
emission wavelength Xmax = 530 nm) at a luminance of 
620 cd/m 2 . The half life of luminance was 2,000 hours, 
and the drive voltage rise during the half-life period was 
2.8 V. The development and growth of dark spots of a 
size in excess of 100 u.m was not observed during the 
period. 

On ten organic EL device samples obtained as 
above, all the pixels were examined for diode charac- 
teristics (whether or not leakage current was detected). 
As an examination criterion, those samples whose re- 
verse insulation resistance was 300 MQ or higher were 
regarded passed. A percent passage of 100% was 
marked. 

Example 2 

An organic EL device was fabricated as in Example 
1 except that the ITO transparent electrode was the 



same as Sample No. 2. It was examined as in Example 
1, obtaining equivalent results. 

Comparative Example 1 

s 

An organic EL device was fabricated as in Example 
1 except that the ITO transparent electrode was the 
same as Sample No. 3. 

With a DC voltage applied across the organic EL 
10 device, the device was continuously driven at a constant 
current density of 10 mA/cm 2 . Under 7.9 V, the device 
initially emitted green light (maximum emission wave- 
length Xmax = 530 nm) at a luminance ol 600 cd/m 2 . 
The half life of luminance was 162 hours, and the drive 
15 voltage rise during the half-life period was 1 .0 V. The 
development and growth of dark spots of a size in ex- 
cess of 100 u,m was observed during the period. 

Similarly, on ten organic EL device samples ob- 
tained as above, all the pixels were examined for diode 
20 characteristics (whether or not leakage current was de- 
tected). As an examination criterion, those samples 
whose reverse insulation resistance was 300 IA£1 or 
higher were regarded passed. A percent passage of 
50% was marked, indicating a significant increase of de- 
2$ fective samples as compared with Examples 1 and 2. 

Example 3 

An organic EL device was fabricated as in Example 

30 1 except that the glass substrate was changed from 
Corning 7059 glass to soda lime glass which was a sil- 
ica-coated alkali glass. The glass substrate had a sur- 
face roughness: Ra < 1 .4 nm and Rmax < 1 3 nm. The 
ITO transparent electrode formed on the substrate had 

35 Ra £ 2. 1 nm and Rmax < 20 nm. 

The organic EL device was operated as in Example 
1. The drive voltage, luminance and other emission 
characteristics were substantially equivalent to Exam- 
ple 1 , but the development and growth of dark spots of 

40 a size in excess of 100 u.m was observed after 1,500 
hours of driving. As in Example 1 , the samples were also 
examined whether or not leakage current was detected. 
A percent passage of 98% was marked. 

There has been described an organic EL device in 

45 which an ITO electrode having (111) orientation is used 
as the hole injecting electrode whereby the film forma- 
tion, close contact and physical properties at the inter- 
face between the hole injecting electrode and the organ- 
ic layer are improved so that the device may have a long 

50 lifetime, high luminance, high efficacy, and quality dis- 
play. The device can prevent the occurrence of current 
leakage and dark spots. 

The invention has been described in detail with par- 
ticular reference to preferred embodiments thereof, but 

55 jt will be understood that variations and modifications 
can be effected within the spirit and scope of the inven- 
tion. 
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Claims 

1 . An organic electroluminescent device comprising a 
substrate having a surface, a hole injecting elec- 
trode disposed on the substrate surface, an eiec- s 
tron injecting electrode, and at least one organic 
layer disposed between the electrodes, wherein 

said hole injecting electrode is an ITO elec- 
trode having (111) orientation. 

10 

2. The device of claim 1 wherein when analyzed for x- 
ray diffraction by the rotating crystal method, the 
ITO electrode exhibits a diffraction intensity ratio of 
(400)/(222) reflection of up to 0.6. 

75 

3. The device of claim 1 wherein when analyzed for x- 
ray diffraction by the rotating crystal method, the 
ITO electrode exhibits an integrated intensity ratio 
of (400)/(222) reflection of up to 0.5. 

20 

4. The device of claim 1 wherein said substrate has a 
mean surface roughness Ra of up to 10 nm and a 
maximum surface roughness Rmax of up to 50 nm. 

5. The device of claim 1 wherein said ITO electrode at 2S 
its surface remote from said substrate has a mean 
surface roughness Ra of up to 10 nm and a maxi- 
mum surface roughness Rmax of up to 50 nm. 

6. A method for preparing an organic electrolumines- 30 
cent device comprising the steps of 

forming an ITO electrode on a substrate at a 

substrate temperature of 10 to 150°C, and 

heat treating the electrode at 100 to 450°C. 3S 
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